Objective: We present our experience of treating nine consecutive cases of rheumatoid arthritis involving the craniovertebral junction by atlantoaxial joint manipulation and attempts towards restoration of craniovertebral region alignments. Material and results: Between November 2001 and March 2004, nine cases of rheumatoid arthritis involving the craniovertebral junction were treated in our department of neurosurgery. Six patients had basilar invagination and 'fixed' atlantoaxial dislocation and three patients had a retroodontoid process pannus and mobile and incompletely reducible atlantoaxial dislocation. The patients ranged from 24 to 74 years in age. Six patients were males and three were females. Neck pain and spastic quadriparesis were the most prominent symptoms. Surgery involved attempts to reduce the atlantoaxial dislocation and basilar invagination by manual distraction of the facets of the atlas and axis. Reduction of the atlantoaxial dislocation and of basilar invagination and stabilization of the region was achieved by placement of bone graft and metal spacers within the joint and direct inter-articular plate and screw method of atlantoaxial fixation. Following surgery all the patients showed symptomatic improvement and restoration of craniovertebral alignments. Follow-up ranged from four to 48 months (average 28 months). Conclusion: Manipulation of the atlantoaxial joints and restoring the anatomical craniovertebral alignments in selected cases of rheumatoid arthritis involving the craniovertebral junction leads to remarkable and sustained clinical recovery.
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Head, Department of Neurosurgery, King Edward VII Memorial Hospital, Parel, Mumbai -400012, India. E-mail: atulgoel62@hotmail.com in the literature. [1] [2] [3] [4] [5] In this report, we wish to put on record the feasibility of an alternative technique of craniovertebral region bone alignment, distraction of the facets of atlas and axis and direct lateral mass plate and screw atlantoaxial fixation for management of both basilar invagination and atlantoaxial dislocation secondary to rheumatoid arthritis. We had discussed these methods of treatment for congenital craniovertebral anomalies earlier.
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Materials and Methods
Between November 2001 and March 2004 nine seropositive cases with rheumatoid arthritis affecting the craniovertebral region were treated in our neurosurgical unit. Follow-up ranged from four to 48 months (average 28 months). All patients were investigated with magnetic resonance imaging (MRI), computerized tomography (CT) scanning and dynamic plain radiology.
Results
The clinical features of the cases are presented in Table 1 . The criteria for pain and neurological assessment were as per the classification provided by Ranawat et al. 9 The duration of symptoms related to craniovertebral region pathology ranged from 12 days to 8 years.
Radiographic studies: The results of the radiological studies are shown in Table 1 . Six patients had moderate to severe basilar invagination. In these patients there was no clear radiographic presence of mobile subluxation with flexion resulting in an increase in the atlantodental or clivodental interval, increased compromise of the canal diameter, or reduction in the girth of the brainstem. As per the defined parameters there was an element of 'fixed' atlantoaxial dislocation in these six patients. Three patients had retroodontoid pannus and mobile and incompletely reducible atlantoaxial dislocation.
Surgical technique of interarticular atlantoaxial fixation and intraoperative joint distraction and reduction of basilar invagination and fixed or incompletely reducible atlantoaxial dislo-
Introduction
Atlantoaxial dislocation and basilar invagination are both commonly associated with rheumatoid arthritis involving the craniovertebral region. Numerous methods to achieve decompression and stabilization of the region have been described cation: All patients underwent distraction of the facets of atlas and axis and attempts towards reduction of both basilar invagination and atlantoaxial dislocation by the techniques described by us earlier. [6] [7] [8] No patient underwent anterior transoral decompression or a posterior foramen magnum bony decompression.
The basic steps of surgery have already been discussed by us earlier and are summarized here. [6] [7] [8] Cervical traction is given prior to induction of anesthesia and the weights were progressively increased to approximately one-fifth of the total body weight. The patient is placed prone with the head end of the table elevated to about 35 degrees. Use of operating microscope facilitated the dissection and added safety to screw implantation. The atlantoaxial facet joints are widely exposed on both sides after sectioning of the large C2 ganglion. The exposure of the joint in cases with basilar invagination was significantly difficult as it was rostrally located in relationship to the occipital bone. The joint capsule is excised and the articular cartilage is widely removed using microdrill. The joint on both sides are distracted using an intervertebral spreader used in the anterior cervical disc surgery. The status of the atlantoaxial dislocation and of basilar invagination is evaluated by intraoperative radiographic control. Large pieces of corticocancellous bone graft harvested from the iliac crest and titanium metal plate spacers are stuffed into the joints ( Figure 1 ). The sizes of the spacers used depended on the space available within the distracted joint space allowing maximum reduction of atlantoaxial dislocation and basilar invagination. The average sized spacers measured 12 mm in length, 10 mm in breadth and 4 mm in height. Customized titanium spacers had multiple small holes and were tapered at one end for easier placement during insertion in the joint space. Morsellized bone graft was stuffed into the distracted joint space on all sides and into the sheaths of the spacer. Plate and screw fixation of the region is subsequently carried out by the interarticular technique ( Figure 2) . A two-holed stainless steel plate was used measuring 15-20 mm in length. The screws were 2.4 to 2.6 mm in diameter and measured 16-22 mm in length. Screws are passed bilaterally through the holes in the plate into the lateral mass of atlas and axis. The point of entry and the direction of screw for the trans-articular fixation were altered to suit the local anatomy. Additional bone graft was placed between the posterior elements of C1 and C2 after decorticating the host bone area with a burr. Post-operatively the traction is discontinued and the patient is placed in a fourpost hard cervical collar for three months and all his physical activities involving the neck are restrained during the period.
Results of surgery: The follow-up ranged from four to 48 months (average 28 months). All patients improved in the symptoms to varying degrees following surgery and were independent and active in their lives (Table1). There were no intraoperative or postoperative vascular, neurological or infective complications. The changes in the various radiological parameters when compared to the preoperative parameters are elaborated in Table1. During the period of follow-up none of the patients suffered a delayed neurological worsening meriting the need for a transoral or a posterior decompression or any other kind of surgical procedure. No patient needed a reexploration for failure of the fixation of the implant. Immediate post-operative and follow-up radiographs confirmed fixation and fusion and reduction of the basilar invagination. No patient complained of numbness in the suboccipital region, but on a leading question agreed to have a patch of suboccipital numbness.
Discussion
Seropositive rheumatoid arthritis has been identified in approximately 0.9 percent of the white adult population of the United States and 1.1 percent of the adult population in Europe. 10, 11 Of these, as many as 10 percent patients may need an operation for atlantoaxial subluxation and basilar invagination.
10,12,13 Such figures are not available from India, but the incidence of rheumatoid arthritis affecting the craniovertebral junction region appears to be significantly less and in our Institute congenital anomalies form the major bulk of craniovertebral pathology.
The term 'basilar invagination' in cases with rheumatoid ar- thritis has been used synonymously with the terms 'cranial settling' or 'vertical odontoid migration'. [13] [14] [15] [16] [17] Basilar invagination is commonly associated with atlantoaxial dislocation and the complex results in a significant degree of neck pain and myelopathy adding considerably to the disability secondary to affection of other joints. Occipitocervical fixation has been ob- served to provide stabilization to the craniovertebral region and the clinical outcome has been uniformly reported to be satisfactory. [1] [2] [3] [4] [5] A variety of instrumentation and methods have been adopted to secure the occipitocervical fixation. Recently, a number of authors have reported success after trans-articular atlantoaxial fixation. 18, 19 Some reports have indicated that atlantoaxial fixation is the treatment of choice even in the presence of retroodontoid process pannus. Some authors have reported arrest of the vertical migration of the basilar invagination and regression of the size of the retroodontoid pannus after posterior fixation. 4, 5, 15, 16 For basilar invagination, transoral decompression and subsequent posterior fixation has been the most accepted treatment protocol. Menezes et al 13 observed that traction in cases with basilar invagination and atlantoaxial subluxation results in a significant improvement in the craniovertebral alignments. They suggested the use of Halo traction for maintaining the distracted and reduced state of both basilar invagination and atlantoaxial subluxation during positioning for surgery to avoid cord injury. 13 We had described a technique of interarticular plate and screw method of atlantoaxial fixation in the year 1994 and had recently discussed distraction and realignment of the atlantoaxial joint for basilar invagination and fixed atlantoaxial Accepted on 12.07.2004. dislocation for cases with congenital malformations of the region. [6] [7] [8] In the latter technique, the atlantoaxial joint was opened widely after sectioning of the C2 ganglion and the two facets were then distracted and the distraction was maintained with metal spacers and bone graft. Plate and screw fixation of the joint was subsequently done by the interarticular plate and screw method. The operation is technically relatively difficult and the direction of the screws has to be precise. The anatomy of the vertebral artery in relationship to the atlantoaxial joint complex has to be evaluated on the basis of preoperative radiological studies. 20, 21 In all our presented nine cases, craniovertebral realignment and stabilization without any bone decompression was successfully employed. Wide removal of atlantoaxial joint capsule and articular cartilage by drilling and subsequent distraction of the joint by manual manipulation provided a unique opportunity to obtain reduction of the basilar invagination and of atlantoaxial dislocation. Maintenance of the joint in a distracted and reduced position with the help of bone graft and metal spacers and subsequent fixation of the joint with the help of interarticular screws and a metal plate provided a biomechanically firm fixation and sustained distraction. Multi-holed titanium spacers were chosen in order to allow bone incorporation and fusion across the distracted joint space. The fixation was seen to be strong enough to sustain the vertical, transverse and rotatory strains of the most mobile region of the spine. Following surgery, the alignment of the odontoid process, anterior arch of the atlas and the clivus and the entire craniovertebral junction improved towards normalcy. The tip of the odontoid process receded in relationship to the Wackenheim's clival line and Chamberlain's line suggesting reduction in the basilar invagination. The posterior tilt of the odontoid process, as evaluated by modified omega angle, was reduced after the surgery. The segmental nature of fixation in our cases was seen to provide additional scope for local stabilization and assist bone fusion and permit near complete neck movement in the postoperative period. Biomechanical advantage afforded by our technique is suggested by our successful fusion results in the present series and in the series presented by us earlier.
6-8 Many surgeons advice incorporation of the occipital bone and cervical vertebrae up to C3 and C4 in the occipitocervical fixation and feel that such a fixation is necessary to avoid 'cranial settling' 1-5 A number of authors advocating atlantoaxial fixation have found no rationale of incorporating the occipital bone and the lower cervical vertebrae in the fixation procedure.
Our patients were relatively young when compared to the similar subgroup reported in the literature. We observed that the bone quality of the atlas and axis facets for purchase of the screws was satisfactory, allowing the possibility of distraction and stabilization with screw implantation. None of the patients had lateral mass collapse, as has been identified by some authors in their similar cases. 13, 14, 22 The patients showed a remarkable and sustained neurological and radiological improvement. However, it was not possible to assess
